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1. Introduction 

From the AdS/CFT correspondence, the Type IIB string theory with large A^ D3- 
branes is believed to be a dual model of the Af = A supersymmetric gauge theory, and a 
baryon configuration is realized as a D5-brane wrapped on S^ in the Type IIB theory [|l| [|| . 
In 1^, the D5-brane world volume action is studied and the static solution is analysed. It 
has a spike, where the tension (the energy per unit radial coordinate distance) is equal to 
that of A^ fundamental strings |^. It is a bound state of A^ quarks, that is a baryon. 

Recently a Type string theory has been considered as a dual model of a non- 
supersymmetric gauge theory 0. The Type string theory has two NS-NS and two 
R-R sectors and is classified into two types of models , 

Type OA : (NS-, NS-) © (NS+, NS+) © (R+, R-) © (R-, R+) , 

Type OB : (NS-, NS-) © (NS+, NS+) © (R+, R+) © (R-, R-) . 

The signs (±) represent chiralities and the (NS— ,NS— ) sector has tachyon "T". But after 

tachyon condensation, tachyon mass squared is shifted by the five-form field strength. 

Since there are two R-R sectors, RR fields are two sets, electric and magnetic. 

In the Type OB theory, the system with large A^ electric D3-branes is studied in 
1^ [0. The metric is set in a form 

3 

ds^ = e^'^(e^«-^^dp2 ^ e-^^(-rft2 + ^ dx.dx^) + e^^-^dO^) . (1.1) 

The D3-branes coordinates are (t, xi, X2, X3). Then the action is represented as 



S = j dp{^-4>^ + \i' + \t^ - 57)2 _ y^^^ ^^ ^^ y) 



F(<^, e, V. T) = ^-T\^'^+^^-'^ + 2Qe-^^ - -^e-2« , (1-2) 

/(r) = i + r + ^T2. 

This is a to da like system. 

The asymptotic solutions in the UV region [p = e~^ ^ 1) are analysed 

2 



T=-l + - + 4(391ni/-20)+of^) , 

y y^ ^ r ^ 



1 / 1^ ^'-'^ 

ln(2Q) - ^ + - + (39 Ini/ - 104) + O (^ 

y ^y ^ y^ 

2 



^2/+- + T^(391n?/-38)+0(^ 
2 y zy^ V y^ 



1 



where Q is a D3-brane charge. At the UV hniit(p — > 0), the metric ( p. . 1| ) becomes 

rfs2 = i?2^^(^- + -^(-(it2 + J_;dx,dx,) + c/05) , (1-4) 

= 00, i?^y =2-^Qiei'^°, v = 2-h^^»p--^ , 



and this represents AdS^ x S^. On the other hand, the asymptotic solutions in the IR 
region (p = e^ :» 1) are evaluated as 

16 8 ,^^ ^, ^/In^y 



= -- ln(2Q2) + 21n|/ - -91ny + of ^"^^ 
2 u V 



^„.o^2^ , ., , 9 , 9 ,^,_, 20, , ^/In^i/ 



2 y 2y^ 9 V y'^ 

r7 = ln2 + l|/+l + -^(91ny-2) + o(i^ 
2 y 2y^ V y^ 

At the IR limit (p —>■ 00), the metric (|1.1D becomes 



;i.5) 



, 2 -9 /''^'"^ v'^ 

as 



R]r{^ + ^{-dt^ + ^dx,dxi) + dQ^) , (1.6) 

V (J XL TO '^ 
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= 0oo, i2|^ = 2-4Q2e2<?-, ^ = 2-262'^- p-4, 

and this also describes AdS^ x S"^ geometry. 

In section 2 we study the D5-brane world volume action in the A^ electric D3-brane 
background in the UV/IR regions and analyse the behavior of the tension at a spike. 
Section 3 is devoted to some comments about the baryon configuration. 

2. The D5-brane world volume action 

We consider the action of a D5-brane wrapped on 5'^. The D5-brane world volume 
action consists of the Born-Infeld action and the WZ term. Since the Born-Infeld action 



in the Type string theory is given in [|5| [^ , we can write down D5-brane world volume 

action 

S=-T^ [ d^ah(^)e-^^-detigab + Fab) +T5 /A(i)ArfC(4) , 

■^ \ -^ (2.1) 

hi-) =l-\ \ \ , 

V2/ 4 32 



where gab{= G^^daX^d^X^) is an induced metric, Fab{= c?^(i)) is a U(l) gauge field 
strength on the D5-brane and C(4) is a four-form field. The a = {t, 9, 61,62, 03,64) is a 
world volume coordinate of the D5-brane embedded on S^. For simplicity we consider an 
SO (5) isometry in the S^ and a static solution as . Let p and At depend only on 6 and 
all other fields be zero. In this setup the action ( |2.1| ) becomes 



5 = r504 f dtd6 sin^ de^-^^^ l-h(-) ^ e^-^^ p'"^ + e^-^ - Fte^ + 4^te'^} , (2.2) 

where ' denotes the 6 derivative and 04(= ^|-) is the volume of unit four sphere. The 
gauge field equation of motion is obtained as 

^K{6) = -46^-2''+'^ sin^ 6 , (2.3) 

06 

K[6) ^ -h(^) sin^^e^-^-^ ^'^' . (2.4) 

^ ^ ^ ^Je^-^^p'^ + e-^-^ - [deAtY 



Partially integrating (|2.2| ) , substituting (|2.4| ) into it and changing sign, we evaluate the 
action (2.21) in the tree level 



Ep = T^VL^ I d6sje'i>-^'^p''^ + e'i'-'^ \j K{6Y + K^ sin^ 6e^^-^^ . (2.5) 

This depends only on the p field. 

2.1. The UV region 

At the UV limit {p -^ 0) Eq.(^) is expressed by using Eq.( |L^) as 



T^n^ f d6Vv'^ + v^ J K{e)^ + ^h(-^y sin^ 6 , (2.6) 

and Eq.(|2.tj|) is written as 



deK{6) = -ARuv^ sin'^ . (2.7) 

Since the right hand side of (|2.7| ) is a function of only 6 not p, K{6) is solvable and is 

determined as 

K{6) = Ruv^m , 

3 3 

k{6) = -{vTi -6) + - sin 6^ cos 6* + sin^ 6' cos 6^ , 

where < z/ < 1 is an integral constant. These results are similar to those in the Type 
IIB case [Q , where i^ = corresponds to the baryon vertex and the spike sticking out at 



6 = TV has the tension equal to that of the N fundamental strings. So in this paper mainly 
we concentrate on the tension at i^ = and 6 = tt. Then Eq.( p.6|) implies that the tension 
at 6* = TT is Tsn^lKiir)] = T^n^Ruv^^- 

Next we consider in the near UV region (p ^ 1). From Eqs.( |l.iJ| ) and ( |2.3D , the 
behavior of the K[9) is given as 

K{9) = e^-^'^+^kie) , 



(^"^"V^^^^''^^^^^^"') 2 ^^^' ^^-^ 



where gs = e'^ is the string coupling. Substituting ( |1.3| ) into ( |2.5|) , we can evaluate the 



^pi 



391na-5 5(391nt/-3S) , 39 1ny-l 39 1ny-38 , 

X W|(l---^(391ny + 27) + ---)^fc(^)}' + e2?-4'7/i2sin8^. 

These imply that the tension of the D5-brane at ^ = tt and j^ = is expressed agil 

T^n^(l + ^(391n|/ - 7) + ^(1521(ln?/)2 - 1092 Iny + 317) + ■ ■ •) ^|A;(7r)| 

=p(p)T504^|fc(^)l , (2.9) 

391n(-lnp)-7 1521(ln(- Inp))^ - 10921n(-lnp) + 317 
^^P^^^ 2^p + Wp? ^'" ■ 

Note that this tension includes a coupling constant gs and seems almost zero because 
the leading effective gravity solution (|1.3|) is asymptotically free in the UV region, 



But it is not a problem. The D5-brane's tension [^ , 

^5 = -^ ^ , (2.10) 

V2{2nf{hYgs 

where Is is the string length, has also an inverse coupling. So effects of the couplings are 
canceled and the tension does not become almost zero in the UV region. The behavior of 
f) is shown in fig. 1 . 



At the spike, v' will dominate v. 
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fig. 1 The behavior of p{p) in the UV region p -C 1 . 

In fig. 1, the (a) is the leading order approximation of p(p), that is, 1 ~ ^^'~ 

and the (b) represents the second order approximation of p{p) , that is, 1 — 

'■"'■" "'^ g/^^ -.a " "^ . In the Type IIB case, the tension is constant since the 

radii of S^ and AdS^ are independent of p. On the other hand in the Type case, the 
tension is not constant and fiows as shown in fig. 1 since the radii of S^ and AdS^ depend 
on p 0] . The (a) implies that there exist two points p = 0, and p = exp(— exp(^)) ^ 
0.302219, where p{p) = 1. The latter point is an interesting and non trivial point, but it is 
less credible since in this section the p -C 1 region is analyzed. In fact this point vanishes 
in the second order approximation in the (b). From these analyses, we conclude that the 
tension increases away from the UV limit. We will give more comments in section 3. 



2.2. The IR region 

Since at the IR limit the metric ( p..6|) describes AdS^ x S^ geometry as in the UV 
limit, the similar behavior will occur also in the IR region. 

At the IR limit (p -^ oo) the action ( p.2| ) is calculated by Eq.( |1.6| ) 



/ doVv'^ + v^JKie)^ + ^/i(o)2 sin^ e 

and Eq.(p73|) is expressed as 



^2.11) 



d0K{e) = -4RiR^ sin^ 9 . 
5 
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In the same way as the UV case, we concentrate on the tension at 9 = ir with u = 0. Then 
Eq.( p.ll|) imphes that the tension at the spike is T^Q^Rm ^. Since the Rjr^Ruv have 
the foUowing expressions, 



4 Q „ D 4 Q 



Ruv — ~^9s, RiR — ITIk^s (2-13) 

the ratio of tensions at the UV and the IR limits is tured out to be 4=. 



Next we consider at the near IR region (p ^ 1) . Substituting ( |1.5| ) into ( |2.3| ) , we 
obtain the asymptotic form of the K{9) 

Substituting (|1.5[) into (P]B) , we calculate the Ep 



91ny + 5 5(91ni/-2) , 9 1ni/ + l 9 1ny-2 , 

X J(fl + - + A7(631n2/ + 33) + ---')-^A;(^)|' + e2?-4'7/i2sin8 . 
Prom these equations the tension at ^ = tt is obtained as 

T504(l-^(91n|/-9) + ^(81(lny)2 + 37) + -..)^|fcW| 

=q{p)nn,^\k{'iT)\ , (2.14) 

, , , 91nlnp-9 81(lnlnp)2 + 37 
"(^'"^-^1^+ 8(lnp)^ +■■■■ 

Note that this tension seems to diverge apparently since the string coupling Qs behaves 

But for the same reason as the UV case, the coupling Qs is canceled with the one in the 
tension ( |2.1C1| ) . The behavior of (|2.14| ) is shown in fig. 2. 

6 
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fig. 2 The behavior of q{p) in the IR region (p ^ 1) . 

In fig. 2 there are also two points p = oo and numerically p = 2.08581 x 10*, where 
q{p) = 1. This is the same situation as the UV case. Note that the second point is not 
reliable, because the IR region has a very large coupling and the perturbative analysis is 
no longer credible. 



3. Discussion 

In this paper we studied the static solution of D5-brane worldvolume action in the 
UV/IR regions in the background with large A^ electric D3-branes. 

In the Type IIB case a relation R^ = AnggNla is satisfied, where R is the radius of 
AdS^ and S^ and the A^ is the number of D3-branes. This number comes from the action 
f d^^xvG{- ■ ■ — -gjFs ) associated with the five form field strength. On the other hand, 
at the UV limit of the Type OB, a relation Ruv^ = 2 ^^ ^^ obtained from Eq.( |1.4|) up to 
normalization and the five form field strength appears in the action H , in a form. 



d'^xVcl^- ■ 



1 

5!" 



fiT)i:F^ 



This reads that f{T) 2 contributes to A^ in the Type case (c/. ( |1.2| 
same normalization as the type IIB case, we can calculate the Ruv as. 



i? 



UV 



47rfifs 






-// = AV^ng^Nh 



So using the 



(3.1) 



In the same way for the IR Hmit, we obtain 



4 . „ ^ ,4 ._„ ..,4 



RiR = Ang,-—rls^ = Ang.Nh'' . (3.2) 

/(0)2 



Eqs. (|3.1|) and ( |3.2|) are consistent with the ( p.l3|) . Then from Eqs.( p.lO| ) and (|3.1|) , the 
tension becomes 

T5n4Ruv^\Hn)\ = --^ = NTf , 

ZTTLs 

where Tf is a tension of a fundamental string. This corresponds to the bound state of A^ 
quarks in SU(A^) gauge theory, i.e. a baryon. As mentioned in section 2.1, in the UV region, 
there exist two points, the UV hmit point p = and the non trivial one (p = 0.268067), 
where the tension is equal to NTf. But the latter is less credible, because Eq.(|2.9|) is 
reliable only in small p region and in fact the second point disappears in the analysis 
including the second order approximation. It would be interpreted as some perturbative 
effects. 

Since in the IR limit, from Eqs.( |2.10D and ( |3.2| ) , we obtain the formula of tension. 

In this case, the number of fundamental strings is not integer and this state is not a 
standard baryon. It may represent some quantum effects in such a confinement region 
with a strong coupling. 

If the fiow of tension is connected smoothly from the UV limit to the IR limit, there 
must exist at least one point where a baryon configuration with A^ quarks is realised, since 
the fiow increases near the UV limit. But we are not able to determine this interesting 
point exactly, since the full metric of D3-brane background has not been known yet and 
we cannot discuss how the UV solution is connected with the IR solution. If the full metric 
is found, the behavior of that non trivial point will be clarified. 

Though in this paper the background with only the N electric D3-branes is discussed, 
this method will be applicable to more general backgrounds, for example, a model with A^ 
electric and A^ magnetic D3-branes, in which case the dual theory is an SU(A^)xSU(A^) 



Yang-Mills theory [11] [12 
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